The authors proposed a model predictive control method for energy regenerative active vibration control systems. The control input of this method is composed of a linear sum of harmonic functions to reduce computational costs and this approach gives a simple way to predict the time averaged regenerated power. However, the predicted averaged power tends to be smaller than the actual averaged power because the disturbance input is ignored in the prediction process.
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LQR H ∞ Fujimoto, 2008, 2011 ) * 1 813-8503 2-3-1 E-mail of corresponding author: ntake@ip. kyusan-u.ac.jp No. 14-00545 [DOI:10.1299/transjsme.14-00545], J-STAGE Advance Publication date : 2 February, 2015 Fig. 1 The principle of model predictive control (MPC) . The upper and the lower figures show an output or a state variable and an input of a controlled system respectively. MPC optimizes the control input in the control horizon to minimize an objective function which is a function of the outputs or the state variables in the prediction horizon. (Maciejowski, 2002) Maximum input amplitude U max 1.0N Fig. 2 A single degree of freedom (SDOF) oscillator with a piezoelectric actuator. This is an example of a system controlled by the proposed controller and the parameters of the system are shown in Table 1 . 1992 1991 ) ω n ẋ n = A n x n (4) w = C n x n (5)
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h c h c (Takács and Rohal'-Ilkiv, 2012 ) . The ratio is one means that the shape of the contour lines is circle as shown in Fig. 3 . This figure shows that the shape of the contour lines is circle when the length of the control horizon is a multiple of half of the natural period of the SDOF system. for h * c = 0.5. As shown in Fig. 5 , the length ratio of the major axis to the minor axis of the contour lines for h * c = 0.5 is one and it means the shape of the contour lines is circle. It is confirmed by the calculated contour lines shown in this figure. Fig. 9 The displacement response x for sinusoidal disturbance w whose amplitude is 0.8N. The response of the controller with disturbance model is suppressed perfectly. It means that disturbance cancellation occurs by introducing the disturbance model. Fig. 10 The control input u for sinusoidal disturbance w whose amplitude is 0.8N. The amplitude of the input u obtained by the controller with disturbance model coincides with the disturbance amplitude and the disturbance is cancelled perfectly. The amplitude of the input u obtained by the controller without disturbance model is slightly smaller than the disturbance amplitude. Amplitude of each input is smaller than the maximum amplitude U max = 1N and the input constraint does not affect the input. Fig. 11 The displacement response x for sinusoidal disturbance w whose amplitude is 1.1N. The responses of both controllers have no difference. Fig. 12 The control input u for sinusoidal disturbance w whose amplitude is 1.1N. Amplitude of each control input is scaled to the maximum amplitude U max = 1N to satisfy the input constraint condition and these inputs have no difference. Fig. 13 The predicted averaged powerP(k) for sinusoidal disturbance w whose amplitude is 0.8N. The all power of the case using the controller with disturbance model is zero because the response is suppressed perfectly by disturbance cancellation as shown in Fig. 9 . The predicted averaged power of the controller without disturbance model is smaller than the actual averaged power. The predicted averaged power of the controller with disturbance model coincides with the actual averaged power. The predicted averaged power of the controller without disturbance model is smaller than the actual averaged power but the difference is smaller than the case that the input constraint does not affect the input shown in Fig. 13 .
h h c (Nakahara and Fujimoto, 2014) h * c = 0.5 1 Fig. 15 The displacement response in the power prediction horizon predicted without disturbance for the case of 1.2mm constant amplitude sinusoidal response. This is the case that the input constraint condition does not affect the input u.
The response predicted without disturbance is suppressed perfectly within the horizon and the difference between predicted and constant amplitude responses is large. Fig. 16 The displacement response in the power prediction horizon predicted without disturbance for the case of 6.1mm constant amplitude sinusoidal response. This is the case that the input constraint condition limits the amplitude of the input u. The response predicted without disturbance still remains at the end of the horizon and the difference between predicted and constant amplitude responses is relatively small. Fig. 17 The displacement response x for random disturbance w whose amplitude is 5N. The response of the controller with disturbance model is smaller than the response of the controller without disturbance model. It can be thought as that the frequency components of the disturbance around the natural frequency are cancelled by introducing the sinusoidal disturbance model. Fig. 18 The control input u for random disturbance w whose amplitude is 5N. The amplitude of each input is smaller than the maximum amplitude U max = 1N and the input constraint does not affect the input and the performance. Fig. 21 The predicted averaged powerP(k) for random disturbance w whose amplitude is 5N. The predicted averaged power of the controller without disturbance model is smaller than the actual averaged power especially around 0.8s. The difference is reduced in the case of the controller with disturbance model. Fig. 22 The predicted averaged powerP(k) for random disturbance w whose amplitude is 15N. Even using the controller without disturbance model, the difference between the predicted averaged power and the actual averaged power is small. 
